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acids within the SF1-derived peptide; mutation of eitherSplicing Factor 1 in the Pocket
residue impairs binding. In addition, electrostatic inter-
actions between a negatively charged ridge on helix A
of U2AF RRM3 and a group of basic residues of the
The structural basis for recognition between human peptide reinforce binding. Mutation of three of these
splicing factors U2AF65 and SF1/mBBP has recently residues, or an increase of the salt concentration above
been elucidated, setting the scene for understanding the physiological level, abolishes binding.
a key step in pre-mRNA splicing and revealing a new Recognition of SF1 W22 within the hydrophobic
conserved function for RRM proteins. pocket defined by helices A and B of UA2F RRM3 resem-
bles the recognition of W92 in the amino terminus of
Intervening sequences (introns) that separate protein- U2AF65, by an equivalent hydrophobic pocket of the
coding regions (exons) are removed from immature pri- U2AF35 RRM [4]. However, the U2AF heterodimer forms
mary transcripts by pre-mRNA splicing. Splicing occurs a stable architectural complex, whereas SF1/U2AF is a
within a large and dynamic protein/RNA complex, the transient regulatory complex. The higher affinity ob-
spliceosome. Assembly of the spliceosome is a multi- served for the first complex is provided by a tryptophan
step process requiring the participation of five small within U2AF35 that binds a Pro-rich region within U2AF65.
nuclear RNA-protein particles (snRNP) and many more Thus, the same strategy mediates protein-protein inter-
additional proteins [1]. Recognition of splice sites is no actions in two different RRMs; can this be true for other
easy task: splice sites and regulatory sequences are not RRMs? A number of noncanonical RRM domains in-
strongly conserved; furthermore, they can be separated volved in splicing and transcription share with RRM3 of
by thousands of nucleotides. The remarkable fidelity of U2AF65 an unusually extended helix A and helix C [4].
which the spliceosome is capable is achieved through Remarkably, Sattler and coworkers report that the amino
an extensive network of protein-RNA and protein-pro- acids that recognize W22 and those forming the acidic
tein interactions that are established in a highly regu- recognition ridge along helix A are conserved in this
lated way and are only beginning to be elucidated in group of RRM proteins [2]. It seems therefore very likely
structural detail. The manuscript by Sattler and cowork- that the recognition patch common to the SF1/U2AF65
ers published in the April issue of Molecular Cell [2] sets and U2AF65/U2AF35 complexes is a general feature of
the scene for the molecular understanding of a key step this subset of protein domains.
in the regulation of splicing in mammalian cells by reveal- The peptide providing the key tryptophan residue is
ing the structural basis for recognition between the two in an extended conformation in both the SF1/U2AF65
human splicing factors U2AF65 and SF1/mBBP. This
and U2AF65/U2AF35 complexes. The local structural flexi-
structure adds to the growing appreciation of the net-
bility of the tryptophan donor—the amino-terminal do-
work of interactions responsible for spliceosome as-
main of U2AF65 and SF1, respectively—could be a key
sembly.
functional feature. The presence of the S/R/W triad inSplicing factor 1/mammalian branchpoint binding
the likely SF3b155 recognition sequence [2] indicatesprotein (SF1/mBBP) and the U2 auxiliary factor (U2AF)
that a similar interaction with the U2AF65 hydrophobicprotein bind cooperatively to three short RNA se-
pocket is likely to occur in the U2AF/SF3b155 complexquences located in the proximity of the 3 end of the
as well. If indeed the same recognition elements areintron early during spliceosome assembly (Figure 1).
used in three different complexes (U2AF65/U2AF35, SF1/These are the branchpoint sequence (BPS), the polypyri-
U2AF65, and SF3b155/U2AF65), perhaps peptide flexibil-midine (Py) tract, and the AG dinucleotide. SF1 interacts
ity allows this conserved interaction to be used in differ-specifically with the BPS via its KH-QUA2 domain [3].
ent structural contexts.The two U2AF subunits, U2AF65 and U2AF35, interact with
Last but not least, the SF1/U2AF structure providesthe pre-mRNA Py region and with the AG dinucleotide,
new insight into the RRM superfamily, the largest andrespectively, and heterodimerize via the U2AF65 amino
most widespread RNA binding protein motif [7]. Theterminus and the U2AF35 RRM domain [4]. The first two
discovery of a new role for some RRMs as conservedRRMs of U2AF65 are responsible for the interaction with
protein-protein recognition units reveals that the RRMthe Py region [5], whereas RRM3 interacts with the SF1
is really a versatile structural unit that has evolved toN-terminal region. The interaction of SF1 with the BPS
fulfill other functions besides RNA recognition. An inter-and U2AF65 is transient: SF1 is displaced by U2snRNP,
esting feature of the U2AF structure is the presence ofprobably by the interaction between U2AF65 RRM3 and
a carboxy-terminal helix [2], as first observed in U1ASF3b155, a protein associated with U2snRNP [6]. A
protein [8]. In U1A, the packing of helix C against thefunctional model has been proposed whereby SF1 acts
RRM  sheet surface protects a group of hydrophobicas an enhancer of U2AF65 binding and, therefore, of
side chains that are involved in RNA recognition; thesplicing efficiency.
helix acts as a conformational switch during RNA recog-The structure of the SF1/U2AF65 core complex reveals
nition [8]. In U2AF65, helix C stabilizes the RRM, whichhow U2AF65 RRM3 recognizes a short (10 residue) pep-
is unfolded in its absence, and buries 1200 A2 of sur-tide at the SF1 amino terminus. Crucial recognition ele-
ments are the absolutely conserved R21 and W22 amino face area (50% more than in U1A). Thus, packing of helix
Structure
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Figure 1. Recognition of the 3 Splice Site
SF1 and the U2AF heterodimer recognize the
branchpoint sequence (BPS), polypyrimidine
tract (Py), and 3 splice site (AG) by forming
a network of protein-RNA and protein-protein
interactions mediated by conserved KH and
RRM domains.
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domains were observed to bind to ligands containing aExamining Both Sides
canonical NPXpY motif (where pY represents phospho-of a Janus PTB Domain tyrosine and X is any amino acid), with hydrophobic
amino acids N-terminal to this sequence conferring ad-
ditional specificity [3–5]. Whereas their original discov-
ery is attributed to phosphotyrosine recognition in the
The crystal structure of the Disabled-1 PTB domain in
context of very specific consensus sequences, more
a ternary complex with the phosphoinositide PI-4,5P2 recent advances have demonstrated a much broader
and an NPVY peptide of the apolipoprotein E recep- range of ligand binding activities for the PTB domain,
tor-2 reveals how this conserved scaffold simultane- including to peptides independent of tyrosine phosphor-
ously recognizes two distinct biological ligands required ylation [1, 2].
for signaling through this family of receptors. In this issue of Structure, Stolt and coworkers de-
scribe the crystal structures of the murine Disabled-1
Phosphotyrosine binding (PTB) domains are structurally (Dab1) PTB domain (Figure 1), which reveal the first
conserved modules known to be important mediators glimpse of this resourceful protein domain bound to two
of protein-protein interactions [1, 2]. In the original mod- distinct ligands: to an unphosphorylated NPVY-con-
els of PTB domain function, protein-protein association taining peptide bound to one side of the molecule, and to
could be triggered by tyrosine phosphorylation, provid- a phosphoinositide in an electropositive pocket spatially
ing an easily regulated anchor for docking proteins con- remote from the peptide binding site [6]. These struc-
tures highlight the two sides of this PTB domain, empha-taining this module. Specifically, the first identified PTB
